During the past few years there has been a growing appreciation of the role of carbon dioxide in bacteriology. It has been demonstrated by a number of observers that the presence of carbon dioxide is apparently necessary for growth of all species of bacteria so far studied. Walker (1932) and Gladstone et al. (1935) suggest that the lag phase of the bacterial growth cycle is due to the failure of bacteria to multiply until a certain minimum amount of carbon dioxide is produced in the culture by their activities. If this is correct, it would appear that carbon dioxide should be supplied to cultures of feebly-growing organisms and to cultures in which the inoculum is small such as, for example, single cell cultures. Since the size of the inoculum, in terms of the number of bacterial cells, is not usually known when cultures are made from exudates, blood or other materials from suspected cases of disease, it follows that the routine provision of increased carbon dioxide tensions in such cultures would be desirable.
The use of increased carbon dioxide tensions has been recommended, especially for isolating gonococci, meningococci and Brucella aborts. A number of investigators, including McLeod and his associates (1934), Leahy and Carpenter (1936) and Thompson (1935) have demonstrated the value of incubating cultures for the isolation of gonococci from suspected cases in an atmosphere containing about 10 per cent CO2. Cohen and Flem-ing (1918) as early as 1918 found the same percentage of C02 to be optimum for the isolation of meningococci from spinal fluids and nasopharyngeal cultures, a conclusion recently confirmed by Thompson (1935) . The investigations of Huddleson (1921) , Smith (1924) , McAlpine and Slanetz (1928) and Wilson (1931) have shown that most strains of B. abortus grow best under a C02-tension of 5 to 10 per cent. The use of an increased tension of this gas in the primary isolation of bacteria of the B. abortus group has become routine in some laboratories in which appreciable numbers of cultures for the isolation of these bacteria are being made.
Increased carbon dioxide tension has found another important use in connection with the production of the exotoxins of some bacteria. Burnet (1930) introduced into common use the method of growing staphylococci in a semi-solid medium in an atmosphere containing about 20 per cent C02 in order to produce potent exotoxins. It has been found (Woolpert and Dack, 1933 ) also that staphylococcus enterotoxin, which is apparently distinct from the other exotoxins of staphylococci, can be produced more consistently in the presence of 20 to 30 per cent C02 than in the unaltered atmosphere. More recently enterotoxins have been obtained from streptococci, Proteus, Salmonella aertrycke and Escherichia coli by this method (Jordan and Burrows, 1935; Cary, Dack and Davison, 1938) .
In spite of the demonstrated value of using increased carbon dioxide tensions in many phases of bacteriology, this procedure is not used routinely in most laboratories, even in cultures where its use is practically a requisite for success. This is due probably to the fact that it is cumbersome to use jars in which to incubate the cultures. Thompson's method (1935) of producing C02 in jars has simplified their use greatly. When culture jars are used, however, it is usually necessary to open the jars to see whether growth has occurred in the individual tubes, flasks or Petri dishes. If further incubation is necessary, the whole procedure of filling the jar with carbon dioxide must be repeated.
The method mentioned by Parker and Hudson (1926) for producing increased C02 tensions by burning a candle in the jar in which the cultures are incubated is of distinct but limited value. CO2 concentrations of about 3 per cent are apparently the maxima which can be produced by this technique (Nye and Lamb, 1936 ). This percentage is inadequate for the best results (McLeod et al., 1934; Cohen and Fleming, 1918; McAlpine and Slanetz, 1928; Burnet, 1930) . The use of the jar in this method is also subject to the criticism mentioned above. Joyner and Jones (1937) have described a method recently by which the Spray (1930) anaerobic culture dish can be used for incubating individual cultures in an increased carbon dioxide tension. While this appears to be a valuable method, at least four criticisms may be levelled against it. Spray plates are relatively expensive. It is not possible, of course, to use liquid or semi-solid media in them which precludes their use for toxin production, for example. It is difficult to observe colonies on an opaque medium such as the "chocolate" agar commonly used in culturing gonococci without breaking the seal and remaking the whole culture. The most serious objection to the Spray plate method is that special culture media must be kept prepared in the plates even though cultures under CO2 tension are only occasionally made in a laboratory.
The author has sought a simple method that can be applied to individual culture tubes and flasks, free from the objections mentioned above. It seems especially desirable to develop a method by which liquid media used for toxin production can be incubated in individual flasks. It also appeared that the method should allow the bacteriologist to utilize any type of medium desired for a particular purpose without making it necessary to place the medium in a special container beforehand.
Hall's (1937) modification of the method devised by Wright which is used routinely in this laboratory for absorbing oxygen from culture tubes was first tried. It was found, however, that, if the proper amount of bicarbonate to produce a certain CO2 tension was placed on the cotton stopper, a great deal of the gas was lost before the rubber stopper could be inserted. figure 1 , is much simpler than the description indicates and only a few seconds are required to make a culture.
Sulphuric acid with a bicarbonate is used as the source of carbon dioxide. Potassium bicarbonate is preferable to the sodium salt because of its greater solubility. To produce a 30 per cent CO2 tension in a culture tube 16 to 18 x 150 mm., containing about 20 cc. of atmosphere above the medium, about 6 cc. of CO2 are needed. At 20'C., assuming normal pressure, approximately 7.2 cc. of CO2 are liberated from 0.1 cc. of threemolar potassium bicarbonate solution. For liberating the gas it is convenient to use an excess of acid so that it is unnecessary to measure it. Since it is desirable to provide sufficient acid to cover the gelatin capsule, we have found that 1 cc. of sulphuric acid diluted 1: 30 as recommended by Thompson (1935) is suitable for a test tube culture. For a flask culture an appropriately larger amount of acid should be used.
Tests were made to be certain that the theoretical yield of C02 was liberated and diffused throughout the tube under the conditions described above. The atmosphere in the lower portion of the culture tube, directly over the culture medium, was collected through a side arm and analyzed in a Yandell Henderson (Henderson and Greenberg, 1931) from the mixtures of bicarbonate and acid used. There were also very good approximations between the theoretical percentages of CO2 which should have been present and the actual percentages found by gas analysis. It has also been found that this method may be applied to anaerobic cultures. In this case, pyrogallic acid is placed in the inner vial, either directly or in a gelatin capsule, and 10 per cent sodium hydroxide is run in over it. The amounts should be adjusted so that good absorption of oxygen takes place. About 1.5 grams of resublimed pyrogallic acid and 2.0 cc. of 10 per cent sodium hydroxide are satisfactory for the usual culture tube. An excess of pyrogallic acid should be maintained, of course, to prevent absorption of CO2 by the alkali. In this connection the interesting possibility arises of using combined oxygen absorption and increased CO2 tension to promote the growth of anaerobic or microaerophilic bacteria.
